While both sepsis-induced myocardial dysfunction (SIMD) and stress-induced cardiomyopathy (SICMP) are common in patients with sepsis, the pathogenesis of the 2 diseases is different, and they require different treatment strategies. Thus, we aimed to investigate risk factors and outcomes between the 2 diseases.
Introduction
Sepsis-induced myocardial dysfunction (SIMD) is a reversible myocardial depression caused by sepsis and characterized by left ventricular dilation, depressed ejection fraction (EF), and a recovery period of seven to 10 days. [1, 2] Although several studies have reported that endotoxins, inflammatory cytokines, and nitric oxide are related to the pathogenesis of SIMD, the condition is still not completely understood. [3, 4] The incidence of SIMD has been reported at 18% to 65%, and the mortality rate is 40% to 70%. [1] As response to fluid resuscitation and inotropic agents decreases, SIMD is considered to be a major risk associated with sepsis but long-term outcome is favorable. [5] Stress-induced cardiomyopathy (SICMP), also known as Takotsubo cardiomyopathy, is a dysfunction of the left ventricular apex that presents as hypokinesia, akinesia, or dyskinesia of the midsegments, with or without apical involvement beyond a single coronary vascular distribution. [6] The etiology of SICMP is elevated catecholamine release, and most cases are preceded by instances of emotional or physical stress or acute medical conditions [7] SICMP is prevalent in patients with sepsis, and a previous analysis reported that sepsis is the most frequent cause of SICMP. [8] Although the in-hospital mortality rate due to SICMP is favorable in patients without sepsis, the mortality in patients with sepsis increases by more than 20% depending on the underlying patient condition. [9, 10] The natural courses of SIMD and SICMP are somewhat similar in that most patients exhibit complete recovery over several days to weeks. [11] However, while both SIMD and SICMP are common in patients with sepsis, the pathogenesis of these 2 diseases is different, and each may need a different treatment strategy. First of all, myocardial injury detected by cardiac troponin enzyme in both diseases or hypotension can mimic acute coronary syndrome and be unnecessarily connected to invasive strategy. [12] In addition, some investigators considered that SIMD is a partially protective process and inotropes are potentially harmful. [13] Consequently, recognition of SIMD or SICMP in early stage is important to manage properly. To date, their clinical features remain unclear, and there are currently no known clinical characteristics that can be used to distinguish between the 2 diseases. Therefore, we retrospectively compared the risk factors and outcomes of SIMD and SICMP in patients with sepsis or septic shock.
Methods

Study patients and design
Patients aged 20 to 100 years were eligible for this study if they were: diagnosed with sepsis or septic shock and admitted to the intensive care unit (ICU) via the emergency department (ED). A total of 730 patients admitted to the ICU via the ED at Korea University Anam Hospital between January 2012 and February 2015 were screened for inclusion (Fig. 1) . The following patients were excluded: patients whose diagnostic criteria did not fulfill sepsis or septic shock; those whose final diagnosis was lung disease; those with myocardial infarction; those with valvular heart diseases; those with structural heart diseases; or those with a lack of transthoracic echocardiography (TTE) data or TTE that was obtained only after the first 24 hours of admission. This study was a retrospective study approved by the Korea University Hospital Institute Review Board.
Endpoints
The primary endpoint of this study was to compare risk factors between SIMD and SICMP. The secondary endpoints were length of in-hospital stay, in-hospital mortality rate, and readmission rate for SIMD or SICMP. Factors contributing to the incidence of SIMD or SICMP were also analyzed.
Variable definitions
Sepsis was defined according to the Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). [14] In the emergency department, the quick sepsis-related organ failure assessment (qSOFA) was used to identify patients with sepsis, who were defined as those with an infection who had at least 2 of the following criteria: a respiratory rate of 22 breaths/min or greater, altered mentality, or systolic blood pressure of 100 mm Hg or less. Septic shock was defined as the need for a vasopressor in order to maintain a mean arterial blood pressure of 65 mm Hg or greater and a serum lactate level higher than 2 mmol/L in the absence of hypovolemia.
SIMD was defined as an EF <50% and a ≥10% decrease in the patient's baseline EF; this conditions usually resolves within 2 weeks in patients with sepsis or septic shock. [15, 16] If the baseline EF was unknown, we defined SIMD as an EF <50% and a ≥10% decrease in the patient's initial EF assessed on admission. The definition of recovery was an improvement in EF to the baseline level within 2 weeks. SICMP was defined as the presence of hypokinesia of the mid-to-apical segments, apical ballooning, and hyperkinesia of the basal walls. SICMP was diagnosed according to the criteria suggested by Mayo Clinic or Kawai et al. [17, 18] The control group included patients who did not show SIMD, SICMP, or any structural/valvular heart diseases. Inotropic agents, such as norepinephrine and epinephrine, were administered if the patient's vital signs were unstable before TTE, in accordance with the Sepsis-3 consensus. All clinical data were collected from the electronic medical records written by the residents or the attending physicians in each patient's department. TTE was performed by 4 well-trained technicians who had each performed at least 1000 such procedures in the past. EF was measured using the modified Simpson method. Two independent echocardiologists blinded to clinical data reviewed TTE images and diagnosed the SIMD or SICMP. Atypical cases who both SIMD and SICMP were possible were excluded from the study and the patients who were clearly differentiated from SIMD or SICMP were enrolled.
Propensity score matching
To balance the distribution of baseline characteristics, we used propensity score matching. We estimated a propensity score for each study patient using the multivariable logistic regression model. In the model, potential confounders and variables associated with SIMD and SICMP, such as age, sex, hypertension, diabetes mellitus (DM), chronic obstructive pulmonary disease (COPD), coronary artery disease, history of heart failure (HF), and use of inotropes were included. We then created an exchangeable comparison group of the patients with SIMD by matching each patients with SICMP. Our propensity score model discriminated well between the SIMD and SICMP groups. The model was fit to the data during all steps of the regression analyses (relative multivariate imbalance L1 after matching = 0.48). We then used the propensity score to match each patients with SIMD to another SICMP patients. We matched 25 of SIMD patients to another 25 of SICMP patients who had a similar propensity score. Our assessment of the covariate balance after matching focused on these standardized differences. After matching, the mean propensity score for the patients with SIMD was 0.48 and SICMP was 0.48.
Statistical analysis
Data were expressed as mean ± standard deviation for continuous variables and as the number and percentage of patients for categorical variables. Fisher's exact test or chi-square test was used for categorical variables, and Wilcoxon signed-rank test was used for continuous variables. We calculated the odds ratios (ORs) and 95% confidence intervals (95% CIs) for SIMD or SICMP compared to control group according to various risk factors using multiple logistic regression analysis. All possible confounding variables such as age, sex, source of infection, underling comorbidities, heart rate, level of white blood count, erythrocyte sedimentation rate, C-reactive protein, procalcitonin, lactate, troponin, and NT pro-BNP, atrial fibrillation on admission, cardiomegaly, use of inotropic agents, and positive blood culture were included for association with SIMD or SICMP. SPSS ver. 23.0 (SPSS Inc., Chicago, IL) was used for all statistical analyses. A P value < .05 was considered to be statistically significant.
Results
Patient characteristics
Among the 451 patients who underwent TTE and who were diagnosed with sepsis in this study, 25 were diagnosed with SIMD and 27 were diagnosed with SICMP. Therefore, the incidence of SIMD and SICMP was 5.5% and 6.0%, respectively, in the eligible patients. The baseline patient characteristics of mean age, sex, source of infection, and medical histories were similar between the SIMD and SICMP groups (Table 1) . COPD and history of HF were more prevalent in both the SIMD and SICMP groups than in the control group. Furthermore, history of HF in SIMD group was significantly prevalent than in SICMP group.
Comparisons of clinical parameters
In the SIMD and SICMP groups, levels of inflammatory cytokines such as erythrocyte sedimentation rate, C-reactive protein, procalcitonin, and lactate on admission were similar. ( Table 2 ). The pH and PaO 2 were significantly lower in SICMP group than in SIMD. Serum troponin level was significantly elevated in the SICMP and SIMD group compared to the control group. There Table 1 Baseline patient characteristics. Values are presented as mean ± standard deviation or n (%). COPD = chronic obstructive pulmonary disease, SICMP = stress-induced cardiomyopathy, SIMD = sepsis-induced myocardial dysfunction.
Jeong et al. Medicine (2018) 97:13 www.md-journal.com was no significant difference in troponin level between the SICMP and SIMD groups. N-terminal pro-brain natriuretic peptide (NT pro-BNP) level was significantly elevated in the SIMD group compared to the SICMP group or control group. Additionally, the number of patients who needed inotropic agents was higher in the SICMP group than in the SIMD group. The incidence of atrial fibrillation on admission was higher in the SIMD group than in the SICMP group or control. After propensity score matching, baseline characteristics between the 2 groups were similar (Table 3 ). There were no significantly different parameters on admission except PaO 2 level and incidence of atrial fibrillation on admission in matched population.
Comparisons of clinical outcomes
The in-hospital mortality rate in the SIMD group was 40%, which was an increased trend compared with the rate in the control group (P = .08) (Table 4) . Also, the in-hospital mortality rate in the SICMP group was 37.0%, which was also an increased trend compared with the rate in the control group (P = .10). The in-hospital mortality rate was significantly increased in SIMD group with EF < 30% than in SICMP group with EF < 30%.
Predictors for SIMD or SICMP
In multiple logistic regression analysis, a past history of DM and HF was significantly associated with the incidence of SIMD (Table 5 ). Younger age, elevated levels of NT pro-BNP, and positive result of blood culture also showed significant ORs regard to the occurrence of SIMD. However, only elevated lactate and troponin level were positively associated with the incidence of SICMP.
Discussion
This retrospective study investigated the risk factor and outcomes of SIMD and SICMP in patients with sepsis or septic shock. The risk factors of SIMD were younger age, a history of DM and HF, elevated NT pro-BNP, and positive result of blood culture. The elevated levels of lactate and troponin were identified as risk factors of SICMP. Propensity score-matching analysis showed that prediction for developing SIMD or SICMP in patients with similar comorbidities was difficult. Inflammatory cytokines and SOFA score were similar among SIMD, SICMP, and control groups. More importantly, in-hospital mortality rate from SIMD and SICMP showed increased trends and worse outcome in Table 2 Comparison of parameters among the sepsis-induced myocardial dysfunction, stress-induced cardiomyopathy, and control groups. Values are presented as mean ± standard deviation or n (%). CK-MB = creatine kinase myocardial band, CXR = chest x-ray, LV = left ventricular, NT pro-BNP = N-terminal pro-brain natriuretic peptide, PA = pulmonary artery, PaCO 2 = partial pressure of carbon dioxide, PaO 2 = partial pressure of oxygen, RV = right ventricle, SOFA = sepsis-related organ failure assessment. Table 3 Comparison of characteristics among the sepsis-induced myocardial dysfunction and stress-induced cardiomyopathy in propensity score-matched group. Values are presented as mean ± standard deviation or n (%). CK-MB = creatine kinase myocardial band, CXR = chest x-ray, LV = left ventricular, NT pro-BNP = N-terminal pro-brain natriuretic peptide, PA = pulmonary artery, PaO 2 = partial pressure of oxygen, PaCO 2 = partial pressure of carbon dioxide, RV = right ventricle, SOFA = sepsis-related organ failure assessment.
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Jeong et al. Medicine (2018) 97:13 www.md-journal.com SIMD group with reduced EF < 30%. From these findings, SIMD and SICMP had different risk factors and developing SIMD or SICMP reflected poor prognosis. Several studies have investigated the clinical parameters of SIMD or SICMP. Known risk factors for SICMP include female gender, elevated troponin levels, and prior use of catecholaminergic drugs. [19] Elevated troponin levels are especially associated with SICMP, with a sensitivity of nearly 100% in diagnosing SICMP. [20] In addition, B-type natriuretic peptide levels have predictive value in identifying regional wall motion abnormalities in iatrogenic catecholamine-induced cardiomyopathy. [21] In cases of SIMD, elevated levels of NT pro-BNP and troponin are known risk factors in patients with septic shock, but other parameters are not well recognized. [22, 23] The increase in the troponin levels is not clearly understood in SIMD but is probably due to a loss of cardiomyocyte membrane integrity and a subsequent troponin leakage. [24] In this study, younger age, a history of DM, or HF, elevated NT pro-BNP, and positive result of blood culture were considered candidate risk factors for SIMD. Obviously, a history of HF contributes to future cardiac events, particularly to myocardial dysfunction, in the context of both diseases. [16, 25] A history of DM can be a preceding risk of SIMD in that these diseases are well-known risk factors for cardiomyopathies. [25] In contrast, only elevated of lactate and troponin levels were significantly associated with the occurrence of SICMP. In a previous study, younger age, a history of HF and Table 4 Comparison of outcomes among the sepsis-induced myocardial dysfunction, stress-induced cardiomyopathy, and control groups. Values are presented as mean ± standard deviation or n (%). EF = ejection fraction, SICMP = stress-induced cardiomyopathy, SIMD = sepsis-induced myocardial dysfunction. Table 5 Predictors for sepsis-induced myocardial dysfunction or stress-induced cardiomyopathy compared to control group. Values are adjusted for age, sex, source of infection, white blood cell count, erythrocyte sedimentation rate, C-reactive protein level, procalcitonin level, lactate level, and positive blood culture. BNP = brain natriuretic peptide, COPD = chronic obstructive pulmonary disease, CXR = chest x-ray, NT pro-BNP = N-terminal pro-brain natriuretic peptide.
Sepsis-induced myocardial dysfunction
Jeong et al. Medicine (2018) 97:13 Medicine coronary artery disease were suggested as risk factors for SIMD. [16] The findings of younger age and a history of HF were consistent with our study. Of note, our findings had a strength in that we included all possible cofoundings and analyzed risk factors for SIMD or SICMP. With knowledge of these risk factors, the prediction of SIMD and SIMCP could be made in order to avoid unnecessary, invasive diagnostic methods, such as coronary angiography. However, although there were significant differences in underlying co-morbidities for SIMD and SICMP, propensity score-matching analysis showed that prediction for developing SIMD or SICMP in patients with similar comorbidities was difficult.
In our study, inflammatory cytokines such as erythrocyte sedimentation rate, C-reactive protein, procalcitonin, lactate, and even SOFA score were similar among 3 groups. Previous study showed that C-reactive protein and Acute Physiology and Chronic Health Evaluation II score (APACHE II) were higher in the SIMD group than in the SIMD group, suggesting that SIMD could low the mortality rate and induce a paradoxical result. [16] An increased incidence of SIMD in younger and normotensive patients might be related to the protective adaptation seen in SIMD. Myocardial dysfunction in sepsis can develop due to compensatory measures of the heart to reduce the increased energy consumption caused by dysfunctional mitochondria. [26] These results and theories were opposite findings from our study. Of note, in-hospital mortality rates in the SIMD and SICMP groups showed increased trends compared with the control group, in accordance with the results of previous studies. [1, 10, [27] [28] [29] A meta-analysis demonstrated that lower EF of SIMD did not have a protective role. [30] The mortality rate in patients with SIMD has reported to be 40% to 70%, and that in patients with SICMP was more than 20%. Even though SIMD develops to protect heart function via reducing the response to catecholamine in sepsis, the presence of SIMD itself reflects the severity of the disease and is one of the contributing factors to increased mortality. In addition, patients with decreased EF < 30% in SIMD showed significantly increased in-hospital morality. Therefore, meaning of developing SIMD should be further confirmed. Similarly, SICMP in patients with sepsis is not favorable and should be attended to. Because the etiology of SIMD is not fully understood, definite treatment strategy was not validated. Inotropic agents, such as dobutamine, have been highlighted for their ability to alleviate SIMD. Nonetheless, dobutamine should be administered cautiously in patients with sepsis. Because the bacterial growth and virulence are associated with catecholamines from inotropes, dobutamine can adversely affect patient outcomes. [2, 31] As there is no proven treatment for SIMD, further study is needed to investigate the efficacy of levosimendan or mechanical support with extracorporeal membrane oxygenation. [32] A meta-analysis reported that levosimendan reduced mortality compared to standard inotropic therapy possibly because it does not stimulate b-adrenergic receptor. [33] In SICMP, supportive care is a crucial strategy during the acute phase. [25] Hypotension developed with a mid-ventricular obstruction caused by the systolic anterior motion of the anterior mitral leaflet and the juxtaposition of the septum to the mitral chordal apparatus might need to be treated with beta-blockers and phenylephrine. [34] There is also a concern that excessive increases in catecholamine level due to inotropic agents during sepsis can create adverse effects, but patients with severe left ventricular dysfunction might need inotropic agents. In fact, the in-hospital mortality rate in SIMD group treated with inotropes was similar with in SIMD group treated without inotropes or SICMP group in this study. Although need for inotropes partly reflected the severity of cardiac dysfunction, it did not increase the in-hospital mortality. Because patients of this study were treated according to early goal directed therapy, all the patients treated with inotropes received norepinephrine at first. Accordingly, the influence of different inotropes to clinical outcomes could not be assessed. To confirm our findings, a larger prospective cohort study is warranted.
Study limitations
The present study has several limitations. First, its retrospective design precluded conclusions about causal relationships. Second, the size of the study population was small. Small population made the wide confidence intervals and big odds ratio to be cautiously interpreted. Thus, further larger prospective studies and intervention trials should be undertaken to establish a causal association between risk factors and sepsis/stress-induced cardiomyopathy.
Conclusions
The SIMD and SICMP had different risk factors. The risk factors of SIMD were younger age, history of DM, history of HF, elevated NT pro-BNP, and positive result of blood culture. The elevated levels of lactate and troponin were identified as risk factors of SICMP. Inflammatory cytokines and SOFA score were similar among SIMD, SICMP, and control groups. More importantly, in-hospital mortality rate from SIMD and SICMP showed increased trend and worse outcome in SIMD group with reduced EF < 30%. Thus, developing SIMD or SICMP reflected poor prognosis in sepsis or septic shock.
